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Process for producing urethane (meth)acrylates and new urethane (meth)acrylates 

The present invention relates to a process for producing urethane (meth)acrylatcs and to new urethane 
(raetb)acrylaTes thereby obtained. The invention also relates to the uses of such compounds, especially in 
radiation curable compositions. 

Radiation curable con^osMcms have found a wide range of applications in numerous fields, for example 
as coatings, varnishes and paints for protecting and decorating the most diverse substrates such as glass, 
metals, plastics, paper* as printing varnishes and inks or as adhesives for laminates, and the like. 
Different processes have been disclosed for the synthesis of urethane (meth)acrylates able to be used in 
radiation curable compositions. Currently used industrial process for making urediane (meth)acrylates are 
based on the use of di-isocyanates. These known processes, and especially the di-isocyanate based 
methods, for making known urethane acrylates or methacrylates use highly toxic and dangerous raw 
materials, such as low molecular weight di-isocyanates. Storing, handling and processing these toxic raw 
materials at large scale, can only occur with highly expensive secured industrial equipments and safety 
15 procedures in an adapted industrial environment. 

The present invention aims to find an improved process that overcomes these problems. 

The present invention provides a process for producing urethane (meth)acrylates which comprises the 

reaction of 

(a) at least one taydroxylalkyl carbamate of formula (I), (II). (HQ, (IV), (V), (VI) or (VII) 



10 



20 



R 1 



^ N _ c _ o _0_ (? -) ir OH (1) 
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HO- 
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whereon 
n= 0 to 2 



5 m = 0 to 2 
n+m>l 

p = norm,q = norm,r =norm 7 s - n or m, v = n or m 7 w = n or m 
(p + q)*=(r + s) = (v + w)=:(n + ni) 

each R* , each r2 , each R 20 is, independently, chosen from the group of 
10 -hydrogen, 
•halogen, 
■hydroxy,, 

• alkyl, optionally substituted by hydroxy; halogen; aryl and/ox aryl substituted by hydroxy, 

halogen or alkyl; and optionally conmining from 1 to 8 ether bridges, 
15 " alkenyl, optionally substituted by hydroxy; halogen; aryl and/or aryl substituted by hydroxy, 

halo-en or alkyl; and optionally containing from 1 to 8 ether bridges, 

• aryl, optionally substituted by hydroxy; halogen; alkyl; alley! substituted by hydroxy, halo-en 

aud/or aryl; and/or alkyl containing from 1 to S ether bridges, 
R 3 is an alkyl, optionally substituted by hydroxy, tertiary amine and/or aryl, and optionally 
0 containing from 1 to 20 ether bridges and/or from 1 ic 3 ternary amta* bridges, 

R4 > R5 ' R * Rl2 > Rl3 * R 14 . * 15 and R 16 are, independently, chosen from the grouo of 
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-hydrogen, and 

- alkyl, optionally substituted by hydroxy, tertiary amine and/ox aryl, and optionally containing 

from 1 to S ether bridges and/or from 1 to 3 tertiary amine bridges, 
♦ with the proviso that, respectively, R 3 and R 4 , R 5 and R 6 . R 12 and/or R 13 and/Or R 14 R 15 
5 and R 16 may be linked together in order to form a ring, 

R 7 ,R* R 9 R 10 R 17 

and R*^ are, independently, chosen from alkylcno, alkenylene, arylene and 
aralkylene chains w hich may contain from 1 to 8 ether bridges and/or from 1 to 3 tertiary amine 
bridges, 

is hydrogen or alkyl; 

10 R* 9 , R 21 , R 22 R 23 R 25 r 26 R 27 and R Z8 ^ independently, chosen from alkylenc, alkenylene, 

arylene and aralkylene chains which may contain from 1 to 20 ether bridges, from 1 to 4 tertiary 
amine bridges, from 1 to 4 -CO- bridges and/or from 1 to 4 -O-CO- bridges; 
Ais 

O 

R"— L— or W 

I 0 A\ 



15 wherein R 24 is hydrogen or alkyl; 

(b) at least an (meth)acrylaie of formula (VHI) 

[CH 2 =CR 29 -CO-0] r R 30 (vm) 

wherein is hydrogen or methyl, represents an alkyl, optionally substituted by hydroxy, which 
may contain from 1 to 10 ether bridges group, from 1 to 10 -O-CO-O- bridges and/or from 1 to 10 -O- 
20 CO- bridges, and t > 1; and 

(c) at least a carbonate of formula (IX) and/or a diester of formula (X) 

< 1X > <X> 

wherein 

each R 3 1 , each R 32 , each R 33 , each R 34 is, independently, chosen from the group of alkyl and aryL, 
25 R35 

is alkylene, alkenylene ox arylene; and 

(d) optionally, at least one polyol different from the hydroxyalkyl carbamates (a); 
in the presence of at least one transesterification catalyst 
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The term <<ure*hane (meth)a^lates- as used in the present invention, is meant to designate products 
comprising at least one urethane group (-N-CO-O-) and at least one 



acrylate ^JJ^ or methacrylate group 



I 



The urethane (meOOacrylates according to the invention can have several repeating units and can 
therefore also be considered as oligomers or polymers. 

The term "alkyl", as used herein, is defined as including saturated, monovalent hydrocarbon radicals 
having straight, branched or cyclic moieties or combinations thereof and containing 1 to 50 carbon atoms. 
The term "alkenyl- as used herein, is defined as including straight and cyclic, branched and unbranched, 
unsaturated hydrocarbon radicals having at least one double bond and containing from 2 to 50 carbon 
atoms; such as ethenyl (= vinyl), 1-merbyl-l-etbenyl, 2-methyl-l-propenyl, l- pr openyl, 2-propenyl (= 
allyl), 1-butenyl, 2-butenyl, 3-butenyl, 4-penteayI, l-meihyl-4-pentenyl, 3-methyl-l-pentenyl, 1-hexenyl, 
15 2-hexenyl, and ihe like. 

The term "aryl" as used herein, is defined as including an organic radical derived from an aromatic 
hydrocarbon comprising 1 or more rings by removal of one hydrogen, and containing from 5 to 30 carbon 
atoms, such as phenyl and naphthyL 

The term "alkoxy", as used herein, is defined as -O-alky] groups wherein "alkyl" is as defined above. 

20 The term "alkyl.ene" as used herein, is defined as including saturated, divalent hydrocarbon radicals 

having straight, branched or cyclic moieties or combinations thereof and containing 1 to 50 carbon atoms. 
The term "alkenylene" as used herein, is defined as including unsaturated, divalent hydrocarbon radicals 
having straight, branched or cyclic moieties or combinations thereof, containing at leHst one carbon- 
carbon double bond and containing 1 to 50 carbon atoms. 

25 The term "arylene" as used herein, is defined as including divalent radicals derived from an aromatic 

hydrocarbon comprising one or more rings by removal of two hydrogen atoms and containing from 5 to 
30 carbon atoms. 

The term "aralkylene" as used herein, represents a divalent radical comprising a combination of alkylene 
and arylene moieties. 

30 By alkyl, alkenyl, alkylene, alkenylene, arylene and aralkylene containing an ether bridge is meant an 

alkyl, alkenyl, alkylene, alkenylene, arylene or aralkylene radical wherein a carbon atom is replaced by an 
oxygen atom, forming a group such as -C-O-C-. 

By alkyk alkylene, alkenylene, arylene and aralkylene chain containing tertiary amine bridge is meant 
such radical wherein a tertiary amine group is present between 2 carbon atoms, forming a group of 
35 formula -C-NR-C-, wherein R represents an alkyl or aryl group. In that case, R is preferably an alkyl 
group containing from 1 to 15 carbon atoms. 
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By alkylene, alkenylene, arylene and anUtylene containing a -CO-O- bridge is meant an alkylene 

J _ 

alkenylene. aryleue or aralkylene radical wherein a c ° group is preset between 2 carbon atoms, 

O 

-cJjo-c- 

forming a group of formula ^ w v ° . 

By alkylene, alkenylene, arylene and arallcylene containing a -CO- bridge is meant an alkylene, 

j 

5 alkenylene. arylene or aralkylene radical ^herein a G group is preseni berween 2 carbon atoms. 

p 

By alkyl a -O-CO-O- bridge is meant an alkyl wherein a O— C—O group is present between 2 

Q 

carbon atoms, forming a group of formula 
The hydroxyalky! carbamates of formula (I), (II), (HQ, (IV), (V), (VI) and (VII) used in the process 
according to the invention may be obtained by any method suitable therefore. 
10 Hydroxyalkyl carbamates of formula (I), (ED. (Ill) and (IV) are preferably obtained by reacting amines of, 
respectively, formula (IX). (X), (XI) and (XH) 

R 12 R 11 R 13 



« 3 \ 



D s B e HN — R— C — R- NH 



(IX) (X) HN R 14 



R 15 R 16 



HN— R— N R— — NH 

H 

(XII) 

15 wherein R3, R*. r5, r6 R 7 r S r 9 rIO, rU r 12 r13 r 14 R 1S r 16^ r 17 wd R 1S 

are defined as 

here above, with a cyclic carbonate of formula (XDI) 

R 1 



(XIII) 



O R Z 

wherein R 1 , R z and k are defined as here above. 
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Hydroxyalfcyl carbamates of formula (V), (VI) and (VH) are preferably obtained by reacting an amine of 
fonnula (IX) 



r 

,4/ 



NH 



(IX) 

wherein R 3 and R 4 are defined as here above, with, respectively, a cyclic carbonate of fonnula (XIV), 
5 (XV)and(XVI) 



°~V)~ Ho c= ° 

y\/m /V™ 

R . R 2 R' R 2 



r! r 2 



> C c 

o4c') 

R R 



,20 



■R 21 A- 



1/ 

R \ R° 



•R 22 — C 



R' 



83 



\ 

c 

/ 



o 

m 



-20 



(XV) 



(XIV) 
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II 



o 



R' 
R 



R" 



20 



R 



SB 



0=ZC n 



3 20 



7v 



R 25 — C 



r z R 1 



m 



R 1 R 2 



R 27 



,20 



(XVI) 



II 



10 



15 



wherein Rl. R2 Rl9 r20, R 21 ? r 22 r23 r 24 r 25, r 26, r 27 r28 A ,n and mare defined as here 
above. 

The preparation of the hydroxyalkyl carbamates by the above mentioned processes is exothermic- 
Therefore, the .reaction temperature is preferably controlled in order to avoid side reactions which could 
give toxic by-products or which could lead to products which form toxic by-products further in the 
process according to the invention. During the preparation processes, the temperature is in general 
maintained below 100 °C, preferably between 40 and 90 °C and most preferably between 50 and 80 °C 
When a primary amine is used, the reaction may be so exothermic that it is difficult to maintain the 
reaction nurture within the above temperature range. It is then preferred to add the cyclic carbonate to the 
amine in order to have a better control of the reaction temperature. 

During the preparation of the hydroxyalkyl carbamates, the reaction mixture is preferably sparged with 
nitrogen. This sparging with nitrogen helps to avoid moisture that can lead to hydrolysis of the cyclic 
carbonate catalyzed by the amine. Sparging with nitrogen can also help in reducing the color of the 
hydroxyalkyl carbamate, especially when readily oxidized amines are used such as secondary amines or 
amines with ether groups. Alternatively or in addition to the sparging with nitrogen, an antioxidant may 
be used during the preparation of the hydroxyalkyl carbamates. Preferred antioxidants are aromatic 
phosphites, most preferred are triphenylphosphite or trisnonylphenylphosphite. The amount of these 
antioxidants is preferably at least 300 ppm w/w based on the quantity of hydroxyalkyl carbamate formed. 
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In general, this amount does not exceed 5000 ppm, preferably not 2000 ppm w/w based on the quantity of 
hydroxyalkyl carbamate formed. 

During the preparation of the hydroxya&yl carbamates, the equivalent ratio amine to cyclic carbonate is 
preferably of 1.01 to U. and most preferably, of 1 to 1.05. Hie equivalent iatio amine to cyclic carbonate 
5 is meant to designate the number of primary and secondary amine groups of the amine of formula (IX), 
(X), (XI) or (XH) per number of cyclic carbonate groups present in the cyclic carbonates of formula 
(XHI), (XIV) ? (XV) or (XVI) used. Especially when the boiling point of the amine is lower than 100°C so 
that it can be stripped off the reactor under vacuum below this temperature, it is preferred working with 
an amine excess to so as speeding up the reaction. This is especially true for secondary amines with which 
10 reaction times are typically longer due to steric hindrance around the opening proton. 

During The preparation of the hydroxyalkyl carbamates, a catalyst can be used. Secondary, higher 
molecular weight primary or hindered primary amines may lead to very slow ring opening reactions, 
especially when substituent(s) lie on the cyclic carbonate rings. When these amines are used, it is 
preferred to use one or a combination of the known catalysts for this opening reaction, such as strongly 

15 basic amines (such as diazabicyclooctane, tetramethylguanidine), strongly basic quaternary ammonium 
compounds (such as alky 1(C 1 6-C22)b tmzyltrimethyl ammonium hydroxide or carbonate and 
terrabutylammoniuin hydroxide or carbonate), supranucleophilic catalysts (such as 4-pyrrolidinepyridme, 
poly(N,NHliallcylaminopyridine, dimethylaminopyridine), base anions whose conjugate acid has a pKa of 
about 1 1 or more (such as tert-butoxide). 

20 While it is preferred not to use any solvent for the preparation reaction of the hydroxyalkyl carbamates, 
the latter may be used, for example, in order to improve the compatibility of a reagent or a catalyst such 
as the reaction mixture is homogeneous throughout the reaction- According to a variant of the process 
according to the invention, a carbonate of formula (IX) and/or a diester of formula (X) is used as solvent 
during the preparation of the hydroxyalkyl carbamates. 

25 In the hydrox3^aIkyl carbamates of formula (I), (II), (IH) 5 (TV) and in the cyclic carbonates of formula 
(XCH) used in the process according to the invention k is preferably at most 3, most preferably k is 2. 
In the hydroxyalkyl carbamates of formula (V), (VI) and (VH) and in the cyclic carbonates of formula 
(XIV), (XV) and (XVI) used in the process according to the invention n, rjou p, q, r, s, v and w are, 
independently, preferably 0 or 1. 

30 In the hydroxyalkyl carbamates of formula (V) T (VI) and (VTt) and in ihe cyclic carbonates of formula 
(XTV), (XV) and (XVI) used in the process according to the invention n -h m, p + q, r + s, v + w, are 
preferably 1. 

In the hydroxyalkyl carbamates of formula (I), (TO, (Hi), (IV), (V), (VI) and (VH) and in the cyclic 
carbonates of formula (XEDQ, (XTV), (XV) and (XVI) used in the process according to the invention each 
35 R 1 and each R 2 is. independently, preferably chosen from the group of h>'drogen; alkyl comprising from 
1 to 6 carbon atoms, optionally substituted by hydroxy or halogen; and alkenyl comprising from 1 to 6 
carbon atoms; both optionally containing from 1 to 3 ether bridges. 

In the hydroxyalkyl carbamates of formula (I), (H), (III), (TV) 7 (V), (VI) and (VE) and in the cyclic 
carbonates of formula (XT£t>, (XIV), (XV) and (XVI) used in the process according to die invention, 
40 preferably, all but one of the R 1 subsutuents are hydrogen. In these preferred hydroxyallcyl carbamates. 
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all but one of the R 2 substituents are preferably hydrogen. Most preferably, in these hydroxyalkyl 
carbamates, all R 2 substituents are hydrogen. 

Particularly preferred hydroxyalkyl carbamates of formula (I), QX) T (HI) and (TV) and particularly 
preferred cyclic carbonates of formula (XHI) are those therein one of the R* substiuients is chosen from 
5 the group of hydrogen, methyl, ethyl, hydrox^rathyl. chloromethyl, aUyloxymethyl, and wherein the R 2 
substituem present on the same carbon atom as this R* substituent is chosen from hydrogen and methyl, 
all other R* and all other R 2 substituents being hydrogen. 

Particularly preferred hydroxyalkyl .carbamates of formula (V), (VI) and (VII) and particularly preferred 
cyclic carbonates of formula (XTV), (XV) and (XVI) are those wherein each R 1 and each K 2 is hydrogen. 
10 In the hydroxyalkyl carbamates of formula 00, (VI) and (VH) and in the cyclic carbonates of formula" 
(XIV), (XV) and (XVI) used in the process according to the invention each R 20 is preferably hydrogen. 
In the hydroxyalkyl carbamates of formula (I), (V), (Vl) and (VH) and in the amines of formula (IX) used 
in the process according to the invention R 3 is preferably an alkyl, optionally substituted by hydroxy, 
tertiary amine and/or aryJL and optionally containing from 1 to 20 ether bridges. Most preferably, R 3 is 
15 chosen from the group of alkyl comprising up to 10 carbon atoms, optionally substituted by one hydroxy 
or tertiary amine and/or optionally containing one or two ether bridges. Nc^-limitrng examples are R 3 
substituents chosen from the group of n-propyl isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-hexyl, 
n-octyl, 2-ethylhexyl, isononyl, cyclopenryl, cyclohexyl, 2-methylcyclohexyl, N,N-(di-ter£-butyl)ethyl, 
benzyl, 2-(2^hydrox;yethoxy)ethyh 5-hydroxypenryU 2-hydroxyethyl, 2-hydroxypropyU 3-hydroxypropyl, 
20 3-(diemylamino)propyl, 2-(cjethylarnino)ethyl, l-memyl^(dic^ylamino)butyl, 2-((di-tert- 

butyl)arnino)ethyl 5 3<dimemylammo)propyl 7 2-methoxyethy^ 2-ethoxyethyl, 3-methoxypropyl 7 2- 
metfcoxyisopropyl, 3-emoxypropyl, 3-isopropoxypropyl, 3-(2-methoxyethoxy)propyl, 3-(2- 
ethy!hexyloxy)propyl T CH 3 0(CH 2 CH2Q) 6 -(CH 2 CHR.O) 1 0 ~CH 2 -CH(CH 3 )- wherein R is H or CH 3 in a 
proportion of 1:9, ethyl, methyl, 1,2-dimethylpropyI, 
25 In the hydroxyalkyl carbamates of formula (I) 5 (V), (VI) and (VH) and in the amines of formula (tX) used 
in the process according to the invention R 4 is preferably chosen from the group of hydrogen and alkyl, 
optionally substituted by hydroxy, tertiary amine or aryl, and optionally containing from 1 to S ether 
bridges. Most preferably, R 4 is chosen from the group of hydrogen and alkyl comprising up to 10 carbon 
atoms, optionally substituted by one hydroxy or tertiary amine and/or optionally containing one or two 
30 ether bridges. Non- limiting : examples, are R 4 substituents chosen from the group of hydrogen, ethyl, a- 

propyl, isopropyl, n-hexyl, methyl, tert-butyl, n-butyl, isobutyl, n-octyl, 2-ethylhexyl, 1,2-dimemylpropyl, 
c>'clohexyl^2-hydroxyethyl, 2-hydroxyisopropyI. 3-hydroxypropyl, 2-methoxyemyl 3- 
(dimemyJ^romo)propyl. 

In the hydroxyalkyl carbamates of formula (I), (V), (VI) and (VII) and in the amines of formula (DO used 
35 in the process according to the invention R 4 is more preferably hydrogen, and R 3 is as defined here above, 
more specifically R 3 is an alkyl comprising at least 3 carbon atoms and subsumed by at least one hydroxy 
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and optionally containing one or two ether bridges. Particularly preferred is hydrogen and is 2-(2- 
hyd^oxyethoxy)ethyL 

la the hydroxyalkyl carbamates of formula (II), (HI) 7 (TV) and in the amines of formula (X), (XI) and 
(XII) UBed in the process according to the invention R 5 , R 6 , R 12 , R 13 , R 14 , R* 5 and R 16 are preferably, 
5 'independently, chosen from the group of hydrogen and alkyl comprising up to 10 carbon atoms, most 
preferably up to 6 carbon atoms. 

la the hydroxyalkyl carbamates of formula (J), (II), (IE), (IV), (V), (VI) and (VH) and in the amines of 
formula (DC), (X), (XI) and (XH) used in the process according to the invention R 3 and R 4 „ R 5 and R 6 , 
R 12 and/or R 13 and/or R* 4 , R 15 and R 16 , respectively, may be linked together in order to form a ring. In 

10 this case, these substituents are preferably linked so that they form an alkylene chain comprising from 2 
to 7 carbon atoms,, and optionally containing 1 or 2 ether bridges. In case of R 3 and R^, this alkylene 
chain is preferably such that a 5 to 7-membered ring is formed, for example a pyrolidine ring, a piperidine 
ring or a roorpholine ring, which may further be substituted by alkyl groups. In case of R 5 and R 6 , mis 
alkylene chain is preferably such that a 5 to 7-membered ring is formed, for example piperazine, which 

1 5 may further be substituted by alkyl groups. 

In the hydroxyalkyl carbamates of formula (II) and in the amines of formula (X) used in the process 
according to the invention R 7 is preferably chosen from the group of alkylene and aralkylene chains, 
containing up to 20 carbon atoms and which may contain from 1 to 8 ether bridges and/or from 1 to 3 
tertiary amine bridges. Most preferably, is chosen from the group of ethylene, 1,2-propytene, 

20 trimcthylene, hexamethylene, 2,2-dimemylpropylene, 1-memyltrirnethylene, 1,2,3- 

rrimethyltetTamethylene, 2-methyl-pentamethylene, 2,2*4-(or 2,4,4-)trimethylhexamethylene, 
metaxylylene, 3 ? 5,5'trimethyIcyclohexyl-l-ene-3-methylene, bis(cyclohexyl-4-ene)memane T bis(4- 
methylcyclohexyl-3-ene)methane, cyclohexyl-lj-ene, cyclohexyI-l,4-ene !l l 7 4-bis(propoxyl-3- 
ene)butane f N ? N-bis(trimethylcne)n 3,6-dioxaocrylene, 3,3-dioxadodecylene, 4,7, 10- 

25 trioxatridecylene, poly(oxytetramethylene).. poly(oxypropylene) with 2 to 15 1,2-propylene oxide units, 
poly(oxypropylene-co-oxyemylene) with 2 to 15 propylene oxide and 2 to 15 ethylene oxide units. 
Especially preferred is 2J2-dimethyIpropylene. 

In the hydroxyalkyl carbamates of formula (m) and in the amines of formula (XI) used in the process 
according to the invention R s , R^, R 1 ^ are preferably, independently, chosen from the group of alkylene, 
30 optionally containing from 1 to 8 ether bridges. Most preferably R 8 , R^, R 10 are chosen from alkylene 
comprising up to 15 carbon atoms and containing up to 5 ether bridges. 

In the hydroxyalkyl carbamates of formula (IV) and in the amines of formula (X3J) used in the process 
according to the invention R^ and R 18 are preferably, independently, chosen from the group of alkylene. 
Most preferably R* 7 and R 18 are chosen from alkylene comprising up to 6 carbon atoms. 
35 In the hydroxyalkyl carbamates of formula (HI) and in the amines of formula (XI) used in the process 
according to the invention rH is preferably hydrogen or an alkyl containing from 1 to 4 carbon atoms. 
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10 

atoms. 



15 



20 



25 



30 



35 



In the hydroxyalkyl carbamates of formula (V) and in the cyclic carbonates of formula (XIV) used in me 
process according to the invention R 19 is preferably chosen from alkylene and aralkylene chains which 
may contain from 1 to 20 ether bridges. Frefered are alkylene and aralkylene chains comprising at least 2 
ether bridges. 

In the hydroxyalkyl carbamates of formula (VI) and (VH) hi the cyclic carbonates of formula (XV) 
and (XVI) used in the process according to the invention R.21, R 22 r 23, r 25 r 26 r 28 ^ 

preferably, indepeudendy, chosen from alkylene and aralkylene chains which may contain from 1 to 3 
ether bridges. 

In the hydroxyalkyl carbamates of formula (VI) and in the cyclic carbonates of formula (XV) used in the 

process according to the invention R 24 is preferably hydrogen or alkyl comprising form 1 to 4 carbon 
atoms. 

Cyclic carbonates such as used in the process according to.the invention arc known in the art or can easily 
be prepared by known methods. Cyclic carbonates of formula (XHT) wherein k=2 and cychc carbonates 
of formulas (XIV). (XV) and (XVI) wherein n + m, p+q, r + s or v + w are equal to 1 can easily be prepared 
by the reaction of the corresponding epoxides with carbon dioxide. Typical reaction conditions are 
described in Kihara, N„ Hara, N., Endo, T., J. Org. Chem., 1993, 58, 6198., J. Org. Chem., 1993 58 
6198-6202. Some of the catalysts described hereabove for the preparation of the hydroxyalkyl carbamates 
by opening of the cyclic carbonate with the amine, are also known as catalysts for the reaction between 
carbon dioxide and an epoxide group. Cyclic carbonates of formula (XHI) wherein k=2 and cyclic 
carbonates of formulas (XIV), (XV) and (XVI) wherein n +IDj p+q, r+s or v + w are equal to 1 can easily be 
prepared by the reaction of the corresponding epoxides with carbon dioxide. In this case, it is preferred to 
choose a catalyst active for both the formation of the cyclic carbonate group(s) and their opening by the 



amine. 



Cychc carbonates of formula QOH) wherein k=3 can be prepared by ttausesierification of propane-1,3- 
drols wifl, dialkyl carbonates such as described for example in Hu, B., Zhuo, R.X. Fan, CX., Polym. 
Adv. Technol., 1998, 9, 145. Cyclic carbonates of formulas (XTV), (XV) and (XVI) wherein n+m, p+q 
r + s or v + w are equal to 2 can be prepared by transesterifieation of polyols containing several propane-r 3- 
dxols groups such as mmmethylolpropane with dialkyl carbonates. They can also be obtained bv reacting 
6-membered cyclic carbonates containing one functional group such as OH group in5-ethyl-5-' 
hydroxymethyl-I^-dioxan-2-one with coupling agents such as multifunctional chlorofomiates. 
Cyclic carbonates of formula (XHI) wherein k>3 and cychc carbonates of formulas (XTV), (XV) and 
(XVD wherein n+m, p+q, r+s or v+w are >2 can be prepared according to the same transesterffication • 
reaction pathwasys as that leading to me Iower-membexed rings (Matsuo, J. et al„ JJPolymSci.A: 
Polym. Chem., 1997, 35, 1375). 

Cychc carbonates of formula (Xffl) which are particularly useful in the process according to the invention 
are 1,3-dioxolan-Z-cme (ethylene carbonate), ^memyl-l^oxolan-a-one^ropylene carbonate), 4-ethyl- 
1.3-droxolan-2-on.e(bntylene carbonate), 4-hydroxymeth y H,3-dioxolan-Z-one (glycerine carbonate) 4- 
chlorometfayl.l,3-dioxolan-2-one, ^-allyloxymethyl-l.S-dioxolan-Z-one, 5^-dimemyl-l,3-dioxan-2-one, 
(neopentylglycol carbonate). 
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Cyclic carbonates of formulas (XIV), (XV) and (XVI) which are particularly useful in the process 
according to the invention are those obtained from the reaction of carbon dioxide with polyepoxide 
compounds, such as the polygiycidyl ethers of aliphatic or aromatic polyols, such as, for example, 1,4- 
butanedioL neopentylglycol, CTclobexanedimethanol, dieihyieneglycol, polyethyleneglycol, 
5 dipiopyleneglycol, polypropyleneglyco], 2,2,4-tcimethyi-lp-p^tanediol , 1,6-hexancdiol, 
trimethylolpropane, trimemylolethane> glycerol, 4.4*-isopropylidenedipbenol, l f l,l-tris(4- 
hydroxyphenyl)etbane, hydroquinone, 4,4 , -bisphenol y 2,2'-bisphenoI ! . 4,4'-dihydroxybenzopheQone, 1,5- 
dihydroxynaphthalene, resorcinol. Preferred are the polyglycidyl ethers of aliphatic polyols, and most 
preferred the diglycidyl ether of polypropyleneglycol containing from 2 to 15 1,2-propylene oxide units. 

10 Amines of formula (IX), (X), (XI) and (XH) are known in the art. Amines of formula (EX) which are 
particularly useful in the process according to the inventioa are n-piupylamine, isopropylamine, n- 
buTylamine, isobutylajiune, sec-butylamine, tert-burylamine, 3-methylburylamine, n-hexylamine, n- 
octylflmine, 2-emylhexylamine* isouonylamine, cyclopentylamine, cyclohexylamine, 2- 
methylcyclohexyiainme, N,N-(di-tert-butyl)emyleneamine, benzylamine, 2-(2-ammoemoxy)ethanol, 5- 

15 aminopentanol, ethanolainirie, l-aminopropan-2-ol, 3-anuno-l-propanol T 3-(cUeihyIammo)propylaxiiine T 

2- (diemylarnmo)emylamine 7 l-methyl^Cdiemylammo^urylamine, 2,2-(di-xcn^burylainino)emylamine, 

3- (diinethylaxiuuo)propylamine, 2-memoxyemylamine, 2*cthoxyethylamine. 3 -methoxypiopylamine, 1- 
memoxyisopropylainine, 3-emoxypropylamine, 34soprcpoxypropylarniiie. 3-(2- 
methoxyetho^y)propylamine, 3-(2^thylb.exyloxy)propylamine, a-oxymemyl-Q>-(2-propylamino)- 

20 poly(o^ypropylene-co-oxyetliylene) with an average number of 1,2-propylene oxide units of 9 and an 
average number of ethylene oxide units of 7, also known as JefTarnine® M-600 (manufactured by 
Hunstman), diethylaminc, di-n-projpylamine, diisopropylamine, di-n-hexylairdne, N-memylbutylamine, 
N-ethylbuiylamine, da-n-butylamine, diisobutylamine, dj-n-octylamine, bis(2-emymexyl)amine, N-cihyl- 
1,2-cUmemylpropylamine, dicyclohexylamiae, cyclcfcexylmemylamine. cyeaoncxylemylamine, N- 

25 methylbenzylaroine, 2-metmylaminoethaiJol, 2-emylaminoethanol, 2-burylammoeihanol, meihanolamine, 
diisopropauolammc, 3 -(2-hydro?io r etbyl)aminopropano] !I bi5(2-metho*yemyl)amrae, bis(3- 
dimethylamin opropy l)amine, pyrrolidine, piperidine, morpholine, 2, 6-dimethyliiiorpholine . 
Amines of formula (X) which are particularly useful in the process according to the invention are 
emylenediarnine, 1,2-propylenediamine, mmemylenediamine, hexamethylenediamine, 2,2- 

30 dimethylpropane-13-diarnine, 1 -methyl- 1 ,3 -propanedianiine, l 5 2,3-trimemyl-l 7 4-butanediamine, 2- 

methyl-1,5 diarninopentane, 2 J 2 7 4-(or2,4,4-)trimemymexaonethylene diamine, meiaxylylenedlamine, 1- 
ammo-3-aiiiinomethyl-3 ; ,5,5 trimetihylcyclohexane (isophorone diamine), bis<4-aminocyclohexyl> 
methane, bis-(^ammo-3-memyl-cydohexyl)-methaiie, 1 7 3- cycaohexanediamine, 1,4- 
cycloheaanediamme, l 1 4-Bis(3-aminopropoxy)butane diamine, NJN-bis(3-aminopropyl)memylamine r 

35 trietbylene^lycol diamine,, 33 , -(bujtane-l,4^ylbis(oxy))bispropaneamine 1 4,7, 10-txioxatridecan- 1,13- 
diamine, a-armno- o>*(4-butyl amino) -poly (oxytetramethyl ene) , a-ammo-o>(2-propyIainino)- 
poly(oxypropylene) with an average number of 1,2-propylene oxide units of 2.G, also known as 
Jeffamine^ P-230 (manufactured by Hunstman), a- amino- co-(2-pmpylamino) - poly(oxypropylene) with 
an average number of 1,2-propylene oxide units of 5.5, also known as JefFamine® D-400 (manufactured 

40 by Htm^tman), c^aj0cdrm-£O-(2-propy with an average number 
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of 1,2 propylene oxide units of 25 and ethylene oxide units of 8.5, also known as Jeffarmne® ED-600 
(manufactured by Hunstrnan), N,N"-4imethy3-l^-propane diamine. N,N , -di-texi-buty]-ethanediajtrdba&, 
^N'-dimethylhexyJ-l^^amine, piperarine, 2^-dimethylpipera^e.. 
Amines of formula (XI) that axe particularly useful in the process acjcording to the invention is 
5 propoxylated trirnethylopropane triarninc with an average number of number of 1^-propylene oxide units 
of 5.3, also known as Jeff amine® T-403 (manufactured by Hunstman). 

Antilles of formula (XII) that are particularly useful in the process according to the invention are N?N- 
d^rnfimyldipropylenerjiairiine, bis(hexamethylene)iriamine. 

In the (meih)acrylates of formula (Vffl) used in the process according to the invention, t is preferably 
10 from 1 to 6. Mostprefered are the (meth)acrylates wherein txs 1. 

When the amount of carbonate of formula (DC) and/or diester of formula (X) used in the process is such 
thai a scoechiomebic excess of hydroxy groups, originating from the hydroxyalkyl carbonate (a) and from 
the polyol (d), when present; is present in the reaction mixture, the (meth)acrylate of formula (VIH) is 
preferably a (meth)acry!ate wherein R^O 

is an alkyl comprising from 1 to 6" carbon atoms, most 

15 preferably, methyl 7 ethyl or n-butyj. 

When the amount of carbonate of formula (IX) and/or diester of formula (X) used in the process is such 
that a stoechiometric excess of carbonate or ester groups relative to the hydroxy groups is present in the 
reaction mixture, the (meth)acrylate of formula (VTH) is preferably a (meth)acrylate wherein R 30 is an 
alkyl substituted by at least one hydroxy group, and which may contain from 1 to 10 ether bridges group,. 

20 from 1 to 10 -O-CO-O- bridges or from 1 to 10 -O-CO- bridges. In that case R 30 is more preferably an 
alfcyl comprising 1 to 6 carbon atoms and one hydroxy group. 

Proffered (rrjeth)acxylates of formula (Vm) axe raediylacrylate, ethylacxylate, methylmethacrylate, 
ethylmethacrylate, hydroxyethylacrylate, hydroxyethylmethacrylate, hydroxypropylacrylate, 
hydroxyprcjpylmethacrylate. hydroxybutylacr>'Iate, cyciobexanedrmemanota^ 
25 triacxylate, the reaction product of hydroxyethyl(meth)acrylate with 1 to 10 caprolactone molecules (such 
as the products commercialized under the name of Tone M-100, ToneM-lOl and Tone M-201 by Dow)„ 
the reaction product of hvdroxyethyl(metri)acrylat]e with 1 to 10 molecules containing a 6-membered 
cyclic carbonate group. 

In the carbonates of formula (K) used in the process according to the invention R 3 * and R^2 are 
30 preferably chosen from the group of alkyl comprising from 1 to 4 carbon atoms and from phenyl. 
Preferred carbonates are d^methylcarbonate, diethylcarbonate and diphenylcarbonate. 
In the dxesters of formula (X) used in the process according to the invention R 3 ^ and R 34 are preferably 
chosen from the group of alkyl comprising from 1 to 6 carbon atoms and from phenyl. Most preferred 
F 33 and R 34 are xnothyL 

35 In the diesters of formula GO R 35 is preferably allcylene or alkenylene comprising from 1 to 10 carbon 
atoms or phenylene. 

Preferred diesters are dimethyladipare, drmethylglutarate, dimethylitaconate, dimethylsuccinate, 
dimethyluialouate, diinemylsuboxate, drmemylsebacate, dhnethylphthalate, diroemylterephtrialate and 
dimetriylisophthalate. 
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The polyol (d) different from the hydroxyalkyl carbamates (a) optionally used in the process of the 
invention can be any polyol containing at least 2 hydroxy groups , including molecules having a 
molecular weight up to 4000. 
5 The polyol preferably responds to formula B-(OH) x wherein x is an integer from 1 to 6 and B represents 
an alkyl or alkenyl optionally containing from 1 to 100 ether bridges, -CO-O- bridges,-CO- bridges and/or 
-O-CO-O- bridges and/or ccnataining one or more (preferably not more than 6) -COOH, -SO3H and/or — 
PO4H groups- Examples of such poiyols are ethylene glycol, propyleneglycol, 1,4-butanediol, 1,5- 
pentanediol, neopentylglycoL, l 7 6-hexanediol, dierhyleueglycoL triethyleneglycol, dipropyleneglycol, 

10 tripropyleneglycol ? cyclohexanedimemanoL dhnethylolpropionic acid, trnnethylolpropane, pcntaerythritol 
andmacrodiols such as polyetherdiols, polyesterdiols, polycaibcmatediols, polyesiercarbonatediols, 
polybutadienediol, acrylic diols. Preferred are macrodiols having a molecular weight from 100 to 4000. 
While it is generally not necessary to use any solvent for the transesteriflcation reaction, the latter may be 
used, for example, in order to improve the compatibility of a reagent or a catalyst so that the reaction 

15 mixture is homogeneous throughout the reaction. Inert solvents with form an azeotrope with the alcohol 
generated during the transesteriflcation reaction are preferred. More piefered are cyclohexane, toluene, 
acetone, dioxane or their mixtures. 

The catalyst used in the traosesrmfication reaction can be an organotin catalyst. Hie organotin catalyst is 
preferably chosen from dibutyltin oxide, monobutyltin o?ride, monoburyhmdihydroxychloride, n-butyl tin 
20 tris(2-ethylhexanoate) y dibutylxindilaurate, dioctyltmdilaurate, dibuiylmimaleate, dibutyltindiacetate, 
dibulyltmdiisooctoatc, dibutyltiucarboxylate,, dimemyllittdichJoride, and their mixtures; it is most 
preferably dibutyltiridilaurate and/or dioctyltmdilaurate. 

The catalyst used in the transesTeiirlcation reaction can be an organotitanate catalyst. The organotitanate 
catalyst is preferably chosen from alkyltitanates, more particularly from tetraalkylntanates, wherein each 
25 alkyl, independently, comprises from 2 to 8 carbon atoms. More preferred are isopropyltitanate, n- 

butyltitanate, etbyltitanate, n-propylfitanaie, 2-ethylhexyMtanate and their mixtures. Particularly preferred 
are isopropyltitanate, n-buryMtanate and their mixtures. 

The catalyst used in the tansesterification reaction can be an organozirconate catalyst. The latrer is 
preferably chosen from zirconium acetate, zirconium acetylacetonate, zirconium 

30 hexafluoroacetylacetonate,, zirconium trifluoroacetylacetonate t zirconium propionate, zirconium 2- 

ethylhexanoate, zirconium t-butoxide, zirconium n-butoxide, zirconium ethoxide, zirconium n-propoxide, 
zirconium isopropoxidc, zirconium chloride, zirconium bromide, zirconium fluoride, zirconium iodide, 
zirconium oxychJ.oride, zirconium hydrochloride, zirconium methacrylate and their mixtures; it is most 
preferably zirconium acetylacetonatc and/or zirconium n-butoxidc. 

35 The organozirconate catalyst is preferably chosen from al^lzirconates, more particularly from 

tetraalkylzirconates, wherein each alkyl, independently, comprises from 2 to 8 carbon atoms and from 
zirconium 1,3 -dike tone chelates, and their mixtures. 
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As described in FR2747675 (Elf Atochem SA), any of these zirconium catalysts can be doped with 0- 
diketones (e.g. ace tylace tone), esters of ketonic acid (e.g_ ethylacetoacetate) or p -hydroxydiketones (e.g. 
hydroxybenzophenone). 

The organozdrconium catalyst is most preferably chosen from alkylzirconaies, especially zirconium n- 
5 butoxide, in combination with zirconium acetylacetonate and/or a (3 -diketone, especially acetylacetone. 
The amount of catalyst used in the transesterifiearion reaction according to the invention, is preferably 
such that the weight ratio of catalyst to the generated urethane (rxieth)acrylate is at least 0.001, preferably 
at least 0-005. The weight ratio does preferably not exceed 0.2, most preferably not 0.1. A too low 
concentration in catalyst could lead to unacceptable yields of the desired urethane (meth)acrylate; higher 
10 concentrations could lead to the formation of undesirable side products and/or could influence the 
properties of the final product, necessitating or complicating its removal. 

Although not absolutely required, residual catalyst may be removed from the reaction mixture obtained 
after the transesterification reaction. Organotin catalysts may be removed by one of the methods known in 
the art. Methods to get rid of tin catalysts from organic media relies either On adding a reagent that makes 
15 them insoluble in the matrix or washing methods by hydrolytic treatments. Organotitanate and 

organozirconate catalysts can be easily removed by adding any substance (polyol, water, ...) able to react 
with this catalyst and forming an insoluble precipitate that can be removed from the reaction mixture. 
Organozirconate catalysts can be removed by washing with water. 

The amount of (meth)acrylate of formula (VIH) used in the transesterification reaction acceding to the 

20 invention, is preferably such that the equivalent ratio of (meth)acrylate to hydroxyalkyl carbamate is at 
least 0.01. By equivalent ratio of (meth)acrylate to hydjrayalkyl carbamate is understood the number of 
equivalents of (metb)acrylate of foixnulaa (Vm) to the number of equivalents of hydroxy groups present 
in (he hydroxyalkyl carbamate. The equivalent ratio is preferably ar least 0 .1, more preferably at least 0.2. 
The equivalent ratio does preferably not exceed 5, most preferably not 1. 

25 A part of the excess Cmeth) acrylata is preferably continuously distilled as an azeorxope with the 

corresponding alcohol formed during the transesterirlcation reaction. The remaining part of the excess 
may be removed at the end of the transesterification reaction by concentration/stripping under vacuum, 
preferably under injection of air in order to prevent polymerization. This remaining part of the excess is 
preferably removed after removal of the residual catalyst 

30 The amount of dicarbonate of formula (IX) and/or diester of formula (X) used in the transesterification 

reaction according to the invention, is preferably such that the equivalent ratio of carbonate and/or diester 
to hydroxyalkyl carbamate is at least 0.05. By equivalent ratio of carbonate and/or diester to hydroxyalkyl 
carbamate is understood the number of equivalents of carbonate and/or diester to the number of 
equivalents of hydroxy groups present in the hydroxyalkyl carbamate. The equivalent ratio is preferably 

35 . at least 0.1, more preferably at least 0.5. The equivalent ratio does preferably not exceed 20 7 most 
preferably not 10. 

The amount of polyol (d) optionally used in the transesterification reaction according to the invention, is 
preferably such that the equivalent ratio of polyol to hydroxyalkyl c^rbarnate is from 0 to 50. By 
equivalent ratio of.polyol to hydroxyalkyl carbamate is understood the number of equivalents of polyol to 
40 the number of equivalents of hydroxy groups present in the hydroxyalkyl carbamate. The equivalent ratio 
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is preferably at least 0.05, more preferably at least 0.2. The equivalent ratio does preferably not exceed 
50, most preferably not 20. 

The transesterification reaction in the process according to the invention is preferably effectuated at 
temperatures of at least 40 °C„ mors preferably of at least 50 °C, and most preferably of at least 60 °C. 
5 Hie transesterification reaction is generally effectuated at a temperature of at most 120 °C 7 more 
preferably of at most 110 C C. 

Hie maintenance of the temperature during the transesterification reaction can be done by any means 
known therefore. The maintenance of the temperature is preferably achieved by distilling off, in general 
under reduced pressure, the alcohol generated during the reaction, preferably as an azeotrope with a 

1 0 solvent When present, the remaining part of the solvent may be removed at the end of the 

transesterification reaction, for example by concentration/stripping under vacuum, preferably under 
injection of air- This remaining part of solvent is preferably removed after removal of residual catalyst, 
la the process according to the invention, the different reagents can be added to the reaction mixture from 
the start. Alternatively, one or more reagents, especially the (meth)acrylate of formula (VIII), are added 

15 some time after the others. A combination of both methods can also be used. 

The transesterification reaction is usually conducted in the presence of at least one polymerization 
inhibitor. By polymerization inhibitor is understood an additive which slows or inhibits the 
polymerization of the reactives and/br the formed products. Preferred polymerization inhibitors are 
chosen from phenothiazine, triphenylstibine, triphenylpho sphine, quinones (such as para- benzoquinone), 

20 nirrones, nitro- and nitroso compounds (such as nitrobenzene), stable radicals (such as 2,2,6,6- 

tetramemyl-l-piperidinyloxy and diphenylpicrylhydrazil), 2 r 6-di-tert-butyl-4-methylphenol (BHT), 2,6- 
dimethylphenol, 2,2-memylenebis(4-methyl'6-(l-methyl-cyclohexyl) phenol), 2,,2-mcthyleocbisC4- 
methyl-6~tert-butylphenol) T 2,2-inemylenems(4-emyl-64ert-l)utylphenoI) t 2,4-dimethyl-6-(l- 
methylpentadecyl)-phenol, alpha-tocopherol (vitamin E) and their mixtures. 

25 The amount of polymerization inhibitor present during the transesterification reaction is in general at least 
100 ppm w/w, preferably at least 300 ppm w/w based on the quantity of urethane (meth)acrylate formed. 
The amount of polyrnerizaticm inhibitor preferably does not exceed 5000 ppm w/w, most preferably not 
3000 ppm w/w based on the quantity of final product formed. 

The process according to the invention permits to obtain urethane (meth)acrylates of high purity, 
30 containing no or less toxic side products than the processes disclosed in the prior art, even without the use 
of extra purification procedures. The process according to the invention permits to obtain products 
containing no residual isocyanates. The process according to the invention also presents the advantage 
that cheap and safe raw materials can be used. The process involving nor toxic raw materials nor highly 
exothermic reactions leading to atmospheric pollution with toxic materials, standard industrial 
35 . equipments and saf cry procedures can be used at larger scale. 

The process according to the invention permits to obtain new urethane (meth)acrylates not known in the 
prior art, most of which are not obtainable by the current commercial processes such as the isocyanate 
process. 

The present invention also relates to new urethane (meth)acrylates mat can be obtained with the process 
40 according to the present invention- 
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These urethane (meth)acrylatcs have in general a much lower viscosity as compared to existing iirerhane 
(meth)acrylates having similar molecular weights and same acrylate functionality. 
The new low -viscous urethane (meth)acrylates allow reducing significantly the amount of reactive 
diluents needed to make the radiation-curable formulations. This allows maximizing properties 
specifically brought by (meth)acrylates with urethane residues (adhesion, abrasion resistance...) and 
makes possible the use of urethane (meth)acrylates to applications where the viscosity of the formulation 
should be very low, such as spray coatings. Besides lowering the overall irritancy and smell of the 
formulation, reducing the amount of reactive diluents also allows reducing the well-known detrimental 
efTect(s) the latter may have on specific coatings and inks properties. For example, reducing the amount 
of reactive diluents in UTV parquet topcoats formulations is indeed well-known to improve significantly 
their abrasion resistance. In radiation-curable flexographic inks and varnishes used in food packaging, 
reducing the amount of reactive diluents are known to reduce significantly migration and off-odor 
problems. 

The present invention therefore relates to uretiiane(meth)acrylates according to formula (XVH) and 
(XvTO) 



20 



25 



O 




O-0D 



0^0 



Q£0 



(XVII) 





1-50 



(XVI II) 

wherein : 

Z is the residue of the hydroxyalkyl carbamate of formula (I), (H) 7 <m) 5 (TV), (V), (VI) and/or (VH); 
z is an integer from 1 to the number of OH groups present in the hydroxyalkyl carbamate of formula (I), 
(II), 0II) ? (IV), (V), (VI) or (VU); 

B is the residue of the polyol such as defined here above; 

r30 represents an alkyl, which may contain from 1 to 10 ether bridges group, from 1 to 10 -O-CO-O- 

bridges and/or from 1 to 10 -O-CO- bridges (R 3(r being the residue of r3° ^ defined here above) ; 
R 29 

and t are such as defined here above; 
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The present invention more specifically relates to urethane(mcth)acrylates according to formula (XVH) 
and (Xvm) wherein Z is the residue of hydroxyalkylcarbaanates of formula (H) r (HI), (IV), (V), (VI) 
and/or (VH) wherein R 4 , at least one of R 5 and R 6 , at least one of R 12 , R 13 an R 14 , and at least one of 
R 15 and R 16 is different from hydrogen. 
5 The present invention even more specifically relates to urethane(xneui)acrylates according to formula 
(XVH) and (XVm) wherein Z is the residue of hydroxyalkylcarbamates of formula (II) wherein R 7 is 
ethylene and R^ and R^ together are ethylene. 

The present invention also relates to urethane(merh)acrylates according to formula (XVU) and (XVIH) 
wherein Z is the residue of hydroxyalkylcarbamates of formula (H) wherein R? is trimethylene, 2,2- 

10 dimethylpropylene 7 1-methyltrimethylene. 1,23-trijnethyltettametibylene, 2-methyl-pentamethylene, 
2,2,4-(or2.4,4-)trimelhyj^examethyIene, metaxylylene, cyclohexyl-l,3-ene, cyclohe?:yl-l 7 4-ene, 1 5 4- 
bis(propo^yl-3-ene)butane ? N,N-bis(nimethylene)methylamine i 3,6-dioxaoctylene, 3,8-dioxadodecylene. 
4,7,10-trioxatridecylene, poly(oxytetramethylene) y poly(oxypropylene) with 2 to 15 1,2-propylene oxide 
units, poly(oxypropylene-co~oxyethylene) with 2 to 15 propylene oxide and 2 to 15 ethylene oxide units. 

15 The present invention particularly relates to the urethane(meth)acrylates presented in The following 
examples. 

Example 1 

Step 1 : Preparation of diurethanediol 

20 100 parts of 2-methyl-l,5-pentanecnannne (Dytek A, DuPont) was charged ha a double-wall glass reactor 
with a capacity of 2 1 sparged with nitrogen . The reactor was fitted with an agitator, a thermometer, a gas 
inlet tube, a double-wall glass addition funnel, a connection to vacuum and a vacuum-jacketed distillation 
column. A liquid semi-automatic splitter using a solenoid-activated FIFE valve and timer was used to 
control the reflux and takeoff from the distillation column into a cooled double-walled receiving flask. 

25 The splitter and a double-walled condenser connected to a cooling unit. 143 parts of efchylenecarbonate 
(Jeffsol EC, Huntsman) is slowly added while keeping the reactor under an inert atmosphere. Addition 
rare was chosen such as that the temperature in the reactor did not exceed 60°C 

After addition the temperature is raised to 70°C until the reaction is complete, as indicated through 
titration of residual amine. 
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Step 2 




O O 



Then 289 parts of dimethyladipate, 241 parts of 4-hydroxybutylacrylate,, 0.36 parts of 
methylhy droquin one and 250 pans of toluene are added to 40 parts to die product obtained in Step 1 . 
The mixture is heated to reflux and dried by azeotropic distillation, At this stage, air was injected 
5 throughout the reaction mixture. After adding 40 parts Tyzor TFT (teirabutoxytitanate, produced by 
DuPont) the reaction mixture was maintained at 110-1 15°C and the methanol generated was taken off 
overhead as a methanal/toluene azeotropo. The reaction was continued until a measure of the refractive 
index indicated that no more methanol was present in the distillate. Reaction time was 23 hours. 
The reaction mixture was cooled down to S0°C, 120 parts of water was added, the mixture stirred for 2 
1 0 hours and filtrated to remove the catalyst. 

The filtrate is stripped under slight vaccuum to remove die solvent and residual water and a clear, slightly 
yellow ureflianeacrylate (2 Gardner) is obtained which is low viscous (4900 mPa.s at 25°C). 



Example 2 

15 The first step of example 1 was repeated, except that the diamine was 1 ^-(bisaxainomethyl)cy clohexane 
Step 2 

Then 70 parts of dimethyladipate, 140 parts of polyadipate of 1,4-butanediol (molecular weight : 700) and 
344 parts of toluene are added to 128 parts to the hydroxycarbamate obtained in Step 1 . 
The mixture is heated to reflux and dried by azeoxropic distillation. At this stage, air was injected 
20 throughout the reaction mixture. After adding 4 parts Tyzor NBZ (tetrabutoxyzirconate, produced by 
DuPont) and 4 parts ziicomurnacetylacetone (produced by Sachem Europe) the reaction mixture was 
maintained at 110-115°C and the methanol generated was taken off overhead as a methanol/toluene 
azeotrope. The reaction was continued imtil a measure of the refractive index indicated that no more 
methanol was present in the distillate. After cooling the reaction mixture to 80°C, 344 parts of 
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ethylacrylaie and 0.36 parts of methylhydrbquinone were added. The reaction mixture was beared to 110- 
1 15°C and the ethanol generated was taken off overhead as a ethanol/toluene/ethylacrylate azeotrope. The 
reaction was continued un til no more ethanol was present in the distillate. 

The reaction mixture was cooled down to 80°C 120 parts of water was added, the mixture stirred for 30 
5 minutes and filtrared to remove die catalyst. 

The filtrate is stripped tinder slight vacuum to remove the solvent and residual water and a clear, slightly 
yellow urethaneacrylate is obtained which is low viscous and has a hydroxy! value of less then 10 mg 
KOH/gram) 

10 Example 3 

The first step of example 1 was repeated. 
Step 2 

Then 139.4 parts of dimethyladipate, 119^4 parts of polyethyleneglycol (molecular weight : 600), 57,7 
parts of 4~hydxoxybutylacrylate, 0.1 parte of memylh> r droqunione and 250 parts of toluene are added to 

15 1 17 parts to the hyoxoxycarbamate obtained in Step 1. 

Hie mixture is heated to reflux and dried by azeotropic distillation, At this stage, air was injected 
throughout the reaction mixture. After adding 7.67 parts Tyzor NBZ (tetrabutoxy2irconate, produced by 
DuPont) and 7.8 parts zirconiumacetylacettJne (produced by Sachem Europe) the reaction mixture was 
maintained at 110-11S°C and the methanol generated was taken off overhead as a methanol/toluene 

20 azeotrope. The reaction was continued until a measure of the refractive index of the distillate indicated 
that no methanol was formed anymore. 

The reaction mixture was coaled down to SO^C, 42 parts of water was added, the mixture stirred for 2 
hours and filtered to remove the catalyst. 

The filtrate is stripped under slight vaccuum to remove the solvent and residual water and a slightly 
25 yellow uxethaneacxylate is obtained which is low viscous and soluble in water. 

Example 4 

Trie first step of example 1 was repeated. 
Step 2 

30 Then 193.7 parts of diemylcarbonate, 114 parts of 1,6-hexanediol, 64.9 parts of 4-hydroxybutylacrylate, 
0.1 parts of inethylhydroquiaone and 250 parts of toluene are added to 131.5 parts to the 
hydroxyc aibai iiate obtained in Step L 

The mixture is heated to reflux and dried by azeotropic distUlatzoiw At this stage, air was injected 
throughout the reaction mixture. After adding 15.7 parts Tyzor NBZ (teixabutoxyzirconate, produced by 
35 DuPont) and 16 pares zirconiumacetylacetone (produced by Sachem Europe) the reaction mixture was 
maintained at 110-115°C and the ethanol generated was taken off overhead as a ethanol/toluene 
azeotrope. The reaction was continued until a measure of the refractive judex indicated that no more 
ethanol was present in the distillate 

The reaction mixture was cooled down to SO^C, 42 parts of water was added, the mixture stirred for 30 
40 minutes and filtered to remove the catalyst. 
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Hie derate is stripped under slight vaccirarn to remove the solvent and residual water and a slightly 
yellow uremaneacrylate is obtained which is low viscous. 

Example 5 
5 Step 1 : Preparation of diuiethanedioi 

100 parts of piperazine (Akzo Nobel) was charged in a double-wall glass reactor with a capacity of 2 1 
sparged with nitrogen . The reactor was fitted with an agitator, a thermometer, a gas inlet tube, a double- 
wall glass addition funnel, a connection to vacuum and an vacuum-jacketed distillation column. A liquid 
semi-automatic splitter using a solenoid-activated FTFE valve and timer was used to control the reflux 
10 and tafceoff from the distillation column into a cooled double-walled receiving flask. The splitter and a 
double-walled condenser connected to a cooling unit. 205 parts of ethylenecarbonale (Jeffsol EC, 
Huntsman) is slowly added while keeping the reactor under an inert atmosphere. Addition rate was 
chosen such as that the temperature in the reactor did not exceed 8Q a C. 

After addition the temperature is raised to 90°C until the reaction is complete, as indicaied through 
15 titration of residual amine. 




HO Y ^ T OH 

o o 

Step 2 

Then 405 parts of dimemyladipatet, 335 parts of 4-hydro^butylacrylate, 0.5 parts of memymyaroquinone 

20 and 250 parts of toluene and 40 parts are added. 

The mixture is heated to reflux and dried by azeotropic distillation. At this stage, air was injected 
throughout the reaction mixture. After adding 15 parts tetrabutoxyzirconate (TyzorNBZ, produced by 
DuFont) and 15 parts zuxoniumacetylacetone (produced by Sachem) the reaction mixture was maintained 
at 1 10-1 15°C and the methanol generated was taken off overhead as a methanol/toluene azeotrope. The 

25 reaction was continued until a measure of the refractive index indicated that no more methanol was 
present in the distillate. 

The reaction mixture was cooled down to S0°C» the catalyst hydrolyzed by adding 120 parts of a 10% 
phosphoric aqueous solution (w/w), the mixture stirred for 30 rninutes at S0°C and filtrated to remove the 
hydrolyzed catalyst. 
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1. Process for producing urethane (meth)acrylates which comprises The reaction of (a) at least one 
hydroxyalkyl carbamate of formula (I), (II), (EH), (IV), (V), (VI) or (YE) 

*\ fi ?' 

N-— C-O-^C-^OH (|) 
R 4 R 2 

, o R s R 6 o 1 

, ? \ ii T R _j\ 

HO— (-C-jj^O— C N— R— N C-O-J-C-j^OH (||) 

R 2 R 2 

, o R 12 r" b 13 O , 

/ I \ H ' a I 9 I II f • \ 
HO— (-C— ^O— C N — R— C — R- N C-O-f— C-^OH 

I2 I _ I. 



R 2 A'» R z 



R " (Ml) 



I 

o 



R— C R 2 



OH 



1 O R R O „i 

P M ft R 



HO— {-C-^O— C— N — R— N R 1 - 5 — N C-O-f-C-j^OH 



I 

RZ _4z_ R i < IV > 



2 



OH 
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ft 

N C- 



oEqR r 25 R 2 ^ 



(VII) 



R 



R- 



I 



4~ 

-c- 



,28 



OH R 1 



R 20 

R^— C— 

Oil 

C— R 20 



o 

II 

-c- 



-N 



R 



X 



T 



morm.v=narm 7 w = norm 



R 4/ 'FT 

wherein 
k£>2 
n = Oto 2 
5 m = Oto2 
n+m> 1 

p = norm,q = norrrL.r =norm, s 
(p + q) = (r + s) = (v + w) = (n + m) 

each R 1 , each R 2 each R 2 ^ ia> independently, chosen from Che group of 
10 -hydrogen, 
-halogen, 
•hydroxy. 

• alkyl, optionally substituted by hydroxy; halogen; aryl and/or aryl substituted by hydroxy, 
halogen or alkyl; and optionally containing from 1 to 3 ether bridges, 
15 - alkenyl, optionally substituted by hydroxy; halogen; aryl and/or aryl substituted by hydroxy, 

halogen or alkyl; and optionally containing from 1 to S ether bridges, 
•aryl, optionally substituted by hydroxy; halogen; alkyl; alkyl substituted by hydroxy, halogen 
and/or aryl; and/or alkyl containing from 1 to & ether bridges, 
R 5 is an alkyl, optionally substituted by hydroxy, tertiary amine and/or aryl, and optionally 
20 containing from 1 to 20 ether bridges and/or from 1 to 3 tertiary amine bridges, 

R 4 , R 5 . R 6 , R 12 ? R 13 , R 14 R 15 and R 16 are, independently, chosen from the group of 
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" hydrogen, and 

-alkyl, optionally substituted by hydroxy, tertiary amine and/or aryl, and optionally containing 

from 1 to 8 ether bridges and/or from 1 to 3 tertiary amine bridges, 
- with the proviso that, respectively, R^ andR 4 , R 5 and R 6 , R 12 and/or R 13 and/or R 14 * R 15 
5 and R 1 6 may be linked together in order to form a ring, 

R?, R 8 , Bp % r!°, R* 7 and R* s are, independently, chosen from alkylene. alfcenylene, axylene and 
aralkylene chains which may contain from 1 to 8 ether bridges and/or from 1 to 3 tertiary amine 
bridges, 

r! 1 is hydrogen or alkyl; 

10 R* 9 , R 2 *„ R 22 \ R 23 , R 2 ^ R 2 ^ R 27 and R 2 ®, are, independently, chosen from alkylene, alkenylene, 

aiylene and araUcylene chains which may contain from 1 to 20 ether bridges, from 1 to 4 tertiary 
amine bridges, from 1 to 4 -CO- bridges and/or from 1 to 4 -O-CO- bridges; 
A is 

O 



R 2 *- 



Aisr^o 



o 

15 wherein R 24 is hydrogen or alkyl; 

(b) al least an (meth)acrylate erf formula (VTH) 

tCH2=CR 29 -C0-0-] t -R 30 CVffl) 

wherein R 29 is hydrogen or methyl, and R 30 represents an alkyl, optionally substituted by hydroxy, 
which may contain from 1 to 10 ether bridges group, from 1 to 10 -Q-CO-O- bridges and/or from 1 
20 to 10 -O-CO- bridges; t> 1 ; and 

(c) at least one carbonate of formula (DQ and/or a diester of fonnula (X) 

j? o o 

R^O^OR 32 R^O^R^^OR 3 * 
(IX) (x) 

wherein 

each R 31 , each R 32 f each R 33 , each R* 4 is, independently, chosen from the group of alkyl and aryl, 
25 R 35 is alfcylene, aJJkenylcne or aiylene; and 

(d) optionally, at least one polyol different from the hydioxyalkyl carbamates (a); 
in the presence of at least one transesterification catalyst. 
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2. The process according to claim 1, wherein the hydroxyalkyl carbamates of formula CD, 03), (HI) 
and (TV) are obtained by reacting amines of, respectively, formula (IX), (X), (XI) and (XII) 

R 12 R 11 R 13 



R 5 R 6 



HN — R— C — R § NH 



10 



R 



r4 / nh hn-r 7 -nh i (XI) 

(IX) (X) HN R 14 



HN R— N — R— NH 

H 

(XII) 

wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 . R 13 > R 14 . R 15 > R 16 - R 17 R 18 » ^ defined as 
in claim 1, with a cyclic carbonate of formula (XDI) 

(XIII) 



wherein R* 7 R 2 and k are defined as in claim 1, 
10 3- The process according to claim I, wherein the hydroxyalkyl carbamates of formula (V), (VI) and 
(VII) are obtained by reacting an amine of formula QX) 

NH 

R 4/ 
(IX) 

15 wherein R 3 and R 4 arc defined as in claim 1, with, respectively, a cyclic carbonate of formula (XIV), 
(XV) and (XVI) 
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wiuraaRl, R 2 R^ 7 R 20 , R 2 *, R 22 R 23 , R 2 * R 25 f R 26 R Z7 R 28 a, n ^d m are defined as in 
claim 1. 

4. The process according to airy of claims 1 to 3, wherein the transesterification catalyst is selected 
5 from organotitanates, organozirconatps and oiganotin catalysts. 

5. The process according to 4, wherein the transesterification catalyst is an alkyltitanate wherein each 
alfcyl, independently, comprises from 2 to S carbon atoms or an alkylzircoxiate wherein each alkyl, 
independently, comprises from 2 to B carbon atoms or a zirconium l 7 3-diketone chelate or a mixture 
thereof. 

10 6. The process according to any of claims 1 to 5, wherein the transesterification reaction is conducted 
in the presence of at least one polymerization inhibitor. 

7« The process according to any of claims 1 to 6, wherein the temperature during the transesterifcation 
reaction is at most 120°C, 

8. The process according to any of claims 1 to 7, wherein the weight ratio of catalyst to the generated 

15 urethane (raeth)acrylate is from 0.001 to 0.2. 

9- The process according to any of claims 1 to 8, wherein lc=2 or 3 and n+m, p+q 7 r+s, v+w = l . 
10. The process according to any of claims 1 to 9, wherein in formula (I), (U), (IH) and (TV) one of the 
Rl substituents is chosen from the group of hydrogen, methyl, ethyl, hydroxymethyl, chloromethy], 
allyloxymethyl, the R 2 sabstituent present on the same snbsntuent as said R 1 subtituent is chosen from 

20 hydrogen and methyl, and all other R 1 and R 2 substituents are hydrogen- 
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11- The process according to any of claims 1 to 9, wherein in formula (V), (VI) and (VH) each R 1 , each 
R 2 and each R 20 is hydrogen. 

12. The process according to any of claims 1 to 11, wherein in formula (I), (V), (VI) and (VII) and (IX) 
is hydrogen and R 3 is an alkyl comprising at least 3 carbon atoms and substitued by ar least one 

5 hydroxy and optionally containing one or two ether bridges. 

13. The process according to any of claims 1 to 12, wherein in formula (V3U) t is 1 and wherein R 30 
is an alkyl comprising from! to 6 carbon atoms or an alkyl substituted by at least one hydroxy group, and 
which may contain from 1 to 10 ether bridges group, from 1 to 10 -O-CO-O- bridges or from 1 to 10 -CD- 
CO- bridges. 

10 14. The process according to any of claims 1 to 13, wherein in the carbonates of formula (EX) R 3 1 
and R 32 are chosen from the group of alkyl comprising form 1 to 4 carbon atoms and from phenyl. 
15, The process according to any of claims 1 to 14, wherein in the diesters of formula (X) R 33 and 
R 34 are chosen from the group of alkyl comprising form 1 to 6 carbon atoms and from phenyl, and 
wherein R 3 ^ is an alkylene or alkenylene comprising from 1 to 10 carbon atoms or phenylene. 

15 16. The process according to any of claims 1 to 15, wherein the polyol (d) responds to formula 

B-(OH)x wherein x is an integer from 1 to 6 and B represents an alkyl or alkenyl optionally containing 
from 1 to 100 ether bridges, -CO-O- bridgcs^CO- bridges and/or -O-CO-O- bridges and/or containing 
one or more -COOH, SO3H and/or -PO4H groups. 

17. The process according to claim 16, wherein the polyol (d) is. chosen from ethylene glycol, 
20 propyleneglycol, l 7 4-butanedioI, 13-pentanediol, neopeutylglycol, 1,6-hexanediol, diethyleneglycol, 
niethyleueglycol, dipropylenegrycol^ tripropyleneglycol, cyclohexanedimethanol, dimethylolpropionic 
acid, trimethylolpropane, peniaerymritol and macrodiols such as polyetherdiols, polyesterdiols, 
polycarbonatediols, polyestercarbonatediols, polybutadienediol, acrylic diols, and their nurtures. 
IS. The process according to any of claims 1 to 17, wherein the equivalent ratio of (meth)acrylate of 
25 formula (VHQ to hydroxyalkyl carbamate is from 0.0 1 to 7. 

19. The process according to any of claims 1 to 18, wherein the equivalent ratio of carbonate (IX) 
and/or Chester (X) tx» hydroxyalkyl carbamate is from 0.05 to 10. 

20. The process according to any of claims 1 to 19, wherein the equivalent ratio of polyol (d) to 
hydroxyalkyl carbamate is from 0 to 50. 

30 21. Umthane (rueth)acrylatcs obtainable by the process according to any of claims 1 to 20. 
- 22. Urethane(meth) acrylates responding to formula (XVtt) and (XVm) 




v / 
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(xvni) 

wherein : 

Z is the residue of the hydroxyalkyl carbamate of formula (I), (II), (TO), (IV), (V), (VI) and/or (VH); 
5 2 is an integer from 1 to the number of OH groups present in the hydroxyalkyl carbamate of formula (I), 
(II), OH), (IV), (V), (VI) or (VII) such as defined in claim 1; 
. B is the residue of the polyol as defined in claim 16 ; 

R 30 ' represents an alfcyi, which may contain from 1 to 10 ether bridges group, from 1 to 10 -O-CO-O- 
bridges and/or from 1 to 10 -O-CO- bridges 

10 R 2 9 and t are such as defined in claim 1 ; 
O 

Yis K c wherein R35 is defined in claim i; 
and y is 0 or 1. 

23. Urethane(meth) aery lares according to claim 22, wherein Z is the residue of 
hydroxyalkylcarbaroates of formula (I), (II), (HI), (IV), (V), (VI) and/or (VET) wherein R 4 , at least one of 

15 R 5 and R^ at least one of R* 2 , R*3 an R 14 , and at least one of R 15 and R 16 is different from hydrogen. 

24. Urethane(rneth)acrylates according to claim 22, wherein Z is the residue of 
hydroxyalkylcarbamates of formula (II) wherein R 7 is ethylene and R 5 and R 6 together are ethylene. 

25. Urelhane(mem)acrylates according to claim 22, wherein Z is the residue of hydroxyalfcylcarbamates 
of formula (II) wherein R 7 is trimethylene, 2,2-dirnethylpropylene, 1-methyltrimetfaylene, 1,2,3- 

20 trimemyltetramethylene, 2.roethyl~pentamethylene 5 2,2,4-(or 2A4-)trimethy3hexameihylcri^ 
metaxylylene, cyclohexyKL,3-ene, cyclohexyl-l,4-ene, l,4-bis(propoxyl-3-ene)butane, N,N- 
bis(trimemylcne)memylamine, 3,6-dioxaocrylcne, 3,S-dioxadodecyIene, 4,7,10-trioxatridecyIene, 
polyCoxytetramethylene), poly(oxypropylene) with 2 to 15 1,2-propyleue oxide units, poly(oxypropylene- 
co-oxyethylene) with 2 to 15 propylene oxide and 2 to 15 ethylene oxide units. 

25 26. Use of ureihane (meth)acrylates according to any of claims 21 to 25 in a radiation curable 
composition. 
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Abstract 

Hie invention relates to uretrume(meth)acrylates and to a process for their production which comprises 
transesterification of hydroxyalkyl carbamates with an (meth)acrylate of formula 
[C r H2=CR 29.co-0-] l -R 30 wherein R 29 is hydrogen or methyl, and R 30 represents an alkyl, optionally 
5 substituted by hydroxy, which may contain from 1 to 10 ether bridges group, from 1 to 10 -CO- bridges 
and/or from 1 to 5 -O-CO- bridges, and at least one carbonate of formula (JX) and/or a diester of formula 
(X) 




wherein each R 3 1, each R 32 , each R 33 , each R 34 is, independently, chosen from the group of alkyl and 
aryl, and R 35 is alfcylene, alkenylene or arylene. 



